Abstract: Four rotor UAV has the characteristics of small volume, simple construction, light weight, low cost and good invisibility. It can be adapted to multi-platform and multi-dimensional environment. It has the lower flight height and the very good mobility. It can have the flexible rising and landing on a relatively small platform. It doesn't need the ejection device, launcher and other auxiliary devices. Based on its many advantages, it has very broad application prospects both in military and civil fields. We mainly take the four rotor UAV as the research object to establish the kinematic and dynamic mathematical model of four rotor UAV and give the definition of usual coordinates for four rotor UAV, and then give the conversion relations of all vectors for four rotor UAV in inertial frame and body frame in the paper. We adopt Newton -euler method to obtain the rigid body dynamic equations of four rotor UAV model in the paper. We further analyze all kinds of forces and moments which act on the four rotor UAV in details again in the paper. We deduce the complete expression of overall mathematical model for four rotor UAV and make it be simplified in the paper.
Introduction
A four rotor is composed of four DC motors and propellers fixed on the motor, and the simple schematic diagram is shown in Figure 1 . By the rotation of four rotor wings four rotor UAV can produce the control action. Among them, motor 1 M and motor 3 M have the clockwise rotations respectively with the angular velocity 1 ω and the angular velocity 3 ω to respectively generated the thrust 1 f and the thrust 3 f . At the same time, the other two motors ( 2 M and 4 M ) have the counter-clockwise rotations respectively with the angular velocity 2 ω and the angular velocity 4 ω to respectively generated the thrust 2 f and the thrust 4 f . In order to to control the four rotor UAV, we need to establish the mathematical model of UAV in the paper. We make use of Newton -Euler method to establish the model of four rotor UAV so as to take it as the basis of fault diagnosis and fault-tolerant control study in the paper.
Kinematical Equations
In order to control the aerial vehicle, we need to define the spatial reference coordinate system, otherwise it is impossible to describe the attitude and position of aerial vehicle. At the same time we need to define the body frame which is attached to the aerial vehicle. The relative relation between two coordinate systems describes the motion state of aerial vehicle. In Figure 1 , Oxyz is inertial frame. B B B B O x y z is body frame. The origin B O of body frame is attached to a certain point of UAV (Usually we take its centroid as the certain point).
The movement of UAV includes translational motion and rotation itself. We use its centroid position and speed to represent the translational motion of UAV. (1) In order to find the transformation matrix R , we adopt the right hand rule ( according to the order of z y x → → axis rotation ). It is shown in Figure 2 . The corresponding matrixes produced by the rotation is shown as follows each time.
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Therefore, the expression of transformation matrix can be written as
Among them, R is the transformation matrix from body frame to inertial frame. Among them, R is the orthogonal matrix, and it satisfies the relation
Therefore, the kinematics equations of position can be written in component form as follows.
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Similarly, according to the definition, we can know that the transformational relation of angular velocity is shown as follows. 
Therefore, the kinematical equation of euler angle is shown as follows. 
Dynamical Equations
We have two types of methods to derive the rigid body dynamics mainly, namely newton -euler method and the euler -lagrange method. In newton -euler method, dynamics is established under the body frame, and the coordinate system transformation used afterwards makes it be expressed in the inertial frame. On the contrary, the euler -lagrange method needs us to use the generalized coordinates (inertial frame) directly. Because the newton -euler method is simple and intuitive, we adopt the newton -euler method to derive the rigid body dynamics of four rotor model. We use m to show the quality of the whole rotor aerial vehicle, and we define the inertial matrix in body frame as follows. are the products of inertia.
We set
 as the deviation between the origin of body frame and the four rotor centroid in body frame.
According to newton's second law, we can obtain
Among 
When we take a derivative with respect to the equation above, we can get 
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The operation of anti-symmetric matrix： 
We substitute the equation (17) into the equation (14), so we obtain ( ) 
The coriolis centripetal matrix expression is ( )
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Force and moment
The rigid body dynamics describes the motion of four rotor UAV under the action of force and moment. These knowledges of generalized forces make us solve the rigid body vector equation about the variable u . That is to say, these solve the system of six difference equations about the variables , , , , , u v w p q r . Once these variables are known, we can use the kinematics to express the linear displacement I o p and the attitude of UAV Θ which is relative to the inertial coordinate system enough. Then we have a concrete analysis on a variety of forces and moments which act on UAV.
1. Gravity When we consider the influence of gravity, we make the gravity act on the centroid and go along the z axis of inertial frame. 0 0
Among them, T R is the transformation Matrix between inertial frame and body frame. Because the point of action is in the center of gravity, the gravity doesn't produce any moment.
2. Thrust 
Model Equation Sets
We make use of the above rigid body kinematics equations, rigid body dynamics, force and moment which act on the four rotor UAV to be able to represent the UAV model. The vector form of the full model is shown as follows.
Among them, g F represents the gravity, j q represents the rotor resistance, j m represents the thrust moment.
The complete expressions mentioned above apply to the four rotor dynamic description on most flight conditions, and then under some assumption conditionswe can make them be simplified so as to get the simpler equations for the purpose of simulation and control.
Usually the four rotor UAV is built relatively to the body frame mentioned above, and the center of gravity is close to the center of geometry. The distance from the electric motor to the center of gravity is l . According to this kind of design, the inertia matrix can be simplified as 0 0
And we can think that ,
The simplified form of system is ( ) ( ) 
Conclusion
We first define the coordinate system that is commonly used in the four rotor UAV, and in this way we get the transformational relation of each vector for the four rotor UAV in the body frame and the inertial frame in the paper. Then for the purpose of having an easy modeling, we adopt the newton -euler method to get the rigid body dynamic equations of four rotor model in the paper. We then further analyze all kinds of forces and moments which act on the four rotor UAV in details again in the paper. Finally we deduce the complete expression of overall mathematical model for four rotor UAV and make it be simplified in the paper. In addition, we also put forward the model after the actuator of four rotor UAV has the multiplicative fault.
